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DISPLAY OF VISUAL DATA AS A FUNCTION OF 
POSITION OF DISPLAY DEVICE 

[0001] This application claims the bene?t of US. Provi 
sional Application Ser. No. 60/531,284, ?led Dec. 19, 2003, 
the entire content of Which is incorporated herein by refer 
ence. 

TECHNICAL FIELD 

[0002] The invention relates to display of visual data. 

BACKGROUND 

[0003] Many devices include displays that can present 
visual data, such as pictures, graphs and animation. Some of 
the devices, such as tablet computers, laptop computers and 
personal digital assistants (PDAs), may have comparatively 
small displays, and may not be able to present the visual data 
Without signi?cant loss of detail. Further, there are many 
situations in Which it may be desirable to present visual data 
to a group, but the displays may be too small for an effective 
presentation. 

SUMMARY 

[0004] In general, the invention is directed to techniques 
by Which visual data is mapped to a display device as a 
function of the position of the display device. The invention 
may support such mapping With any number of display 
devices, Which may cooperate to behave as a large display 
device. In addition, the invention supports dynamic moni 
toring of the positions of display devices, With the visual 
data being mapped to a display device changing as its 
position changes. 

[0005] A position processor determines the position of a 
particular display device With respect to a position reference. 
The relative position of the display device may be a function 
of its distance from the position reference, and its orientation 
With respect to the position reference. The invention is not 
limited to any technique for assessing the position of a 
display device, and includes, for eXample, determining the 
position of a display device optically, electromagnetically 
and tactilely. A display processor parses the visual data and 
maps or assigns a portion of the visual data to a display 
device as a function of the relative position of the display 
device. 

[0006] In some variations of the invention, several display 
devices may cooperate to present visual data. Each display 
device presents a portion of the visual data, and the portion 
mapped to each display device depends upon that display 
device’s relative position. In another variation of the inven 
tion, a single display device can present visual data by 
displaying a portion of the visual data at one time. The 
portion of the visual data mapped to the display device 
depends upon the position of the display device relative to 
a position reference, and as the position of the display device 
changes, the displayed visual data changes as Well. 

[0007] One implementation of the invention provides for 
one display device to include a processor that performs the 
functions of position reference, position processor and dis 
play processor. This “master” display device may track the 
position of other “subservient” display devices With respect 
to its oWn position. The “master” display device may further 
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map visual data to itself and to the “subservient” display 
devices as a function of their respective positions. 

[0008] In one embodiment, the invention is directed to a 
method that includes mapping a ?rst portion of visual data 
to a ?rst display device as a function of a position of the ?rst 
display device relative to a position reference and mapping 
a second portion of the visual data to a second display device 
as a function of a position of the second display device 
relative to the position reference. The method may further 
include determining the respective positions, and mapping a 
different portion of the visual data to a device When its 
position changes. 
[0009] In another embodiment, the invention is directed to 
a method comprising mapping a ?rst portion of visual data 
to a display device as a function of a ?rst position of the 
display device relative to a position reference, and mapping 
a second portion of the visual data to the display device as 
a function of a second position of the display device relative 
to the position reference. This embodiment may further 
support display of visual data on multiple display devices. 

[0010] In further embodiments, the invention is directed to 
computer-readable media comprising instructions for caus 
ing a programmable processor to carry out any of the 
methods of the invention. 

[0011] In an additional embodiment, the invention pre 
sents a system comprising a display device, a position 
processor con?gured to determine a position of the display 
device With respect to a position reference, and a display 
processor con?gured to map a portion of visual data to the 
display device as a function of the position. 

[0012] The details of one or more embodiments of the 
invention are set forth in the accompanying draWings and 
the description beloW. Other features, objects, and advan 
tages of the invention Will be apparent from the description 
and draWings, and from the claims. 

BRIEF DESCRIPTION OF DRAWINGS 

[0013] FIG. 1A is a block diagram illustrating determi 
nation by a position processor of positions of display devices 
relative to a position reference. 

[0014] FIG. 1B is a block diagram illustrating mapping of 
visual data by a display processor to display devices. 

[0015] FIG. 2 is a plan vieW of a set of display devices that 
cooperate to present visual data. 

[0016] FIG. 3 is a plan vieW of another set of display 
devices that cooperate to present visual data. 

[0017] FIG. 4 is a plan vieW of another set of display 
devices that cooperate to present visual data. 

[0018] FIG. 5 is a How diagram illustrating operations of 
a position processor and a display processor. 

[0019] FIG. 6 is a plan vieW of a single display device that 
presents different portions of visual data. 

DETAILED DESCRIPTION 

[0020] FIGS. 1A and 1B are conceptual diagrams illus 
trating embodiments of the invention. Systems 10A and 10B 
demonstrate positional and content-based aspects of the 
invention. In a typical embodiment, the positional and 
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content-based aspects may be combined in a single system, 
but FIGS. 1A and 1B shoWs the systems as separate for 
purposes of explanation and clarity. 

[0021] Systems 10A and 10B each include a set of tWo or 
more display devices 12A to 12N (hereafter 12). Display 
devices 12 may comprise any devices con?gured to display 
visual information, such as display screens of personal 
digital assistants (PDAs), display screens of personal com 
puters, display screens of tablet computers, stand-alone 
displays, monitors and televisions. Display devices 12 coop 
erate to present visual data to one or more users, and present 
the visual data according to the positions of display devices 
12 relative to one another. 

[0022] Visual data may include any information display 
able on a display device. Visual data includes, but is not 
limited to, text, draWings, photographs, three-dimensional 
computer models, moving pictures, charts, tracings, anima 
tion and maps. 

[0023] FIG. 1A illustrates a technique by Which the rela 
tive positional orientations of display devices 12 may be 
determined. In system 10A, a position processor 14 deter 
mines the position of each display device 12 in the set With 
respect to a position reference 16. Position processor 14 
comprises any processor that computes the relative position 
of each display device 12. In one embodiment of the 
invention, position processor 14 may be the processor of a 
personal computer, and one of display devices 12 may be the 
display of the same computer. In other Words, position 
processor 14 may be housed in the same unit as one of 
display devices 12 in the set. In another embodiment of the 
invention, position processor 14 is distinct from display 
devices 12. 

[0024] The relative position of display devices 12 may be 
a function several factors. The relative position of display 
devices 12 may be a function of the distance of one display 
device from another. The relative position may also be a 
function of the relative orientation of display devices 12, 
such as Whether one display device is rotated With respect to 
another, or Whether one display device is tilted in a different 
plane than another, or Whether one display device overlaps 
another. 

[0025] Position reference 16 may be any item that can 
serve as a positional reference, and may mathematically 
represent one or more ?xed points in space. In the exemplary 
embodiment shoWn in FIG. 1A, position reference 16 is an 
active device that receives Wireless communication from 
display devices 12. In this embodiment, position reference 
16 may employ any of several Wireless techniques to deter 
mine the distance and orientation of each display devices 12. 

[0026] Position reference may include one or more active 
position sensors that sense the positions of display devices 
tactilely, electronically, optically, acoustically or electrome 
chanically. Position reference 16 may, for example, generate 
an acoustic signal and determine the position of a display 
device as a function of a phase shift of a re?ected signal. In 
another example, position reference 16 may track the posi 
tion of multiple transponders on a display device 12 as a 
function of received electronic signal strength and/or signal 
timing from the transponders. The position of the transpon 
ders corresponds to the distance of display device 12 to 
position reference 16 and the orientation of display device 

Aug. 4, 2005 

12 relative to position reference 16. When the locations of 
the transponders on an individual display device 12 are 
knoWn, position processor 14 can compute the position of 
the display device using knoWn mathematical principles 
such as triangulation and vector mathematics. 

[0027] In other embodiments, display devices 12 include 
passive elements, such as retrore?ective markers, that are 
optically detected by position reference 16. In further 
embodiments, position reference 16 may be passive and 
detectable by display devices 12. In these latter embodi 
ments, each display device 12 determine its oWn distance 
and orientation relative to position reference 16, and trans 
mits its position relative Wirelessly to position reference 16 
or to position processor 14. Display devices 12 may further 
communicate Wirelessly With one another. 

[0028] Wireless communication may be by any Wireless 
technique, such as infrared and radio frequency communi 
cation techniques. In some circumstances, a cellular phone 
netWork may supply Wireless communication channels. One 
exemplary communication protocol, commonly referred to 
as Bluetooth, uses short-range 2.4 GHZ radio technology 
employed to transport data betWeen devices. Other possible 
communication protocols include IEEE 802.11a, 802.11b, 
and 802.11 g, Which are industry standard protocols for 
Wireless networking. 

[0029] In addition, the invention is not limited to Wireless 
communication. Display devices 12, position processor 14 
and/or position reference 16 may also be physically linked 
to one another via USB cable, coaxial cable, phone cord, and 
the like. 

[0030] In another embodiment, position reference 16 com 
prises a frame or platform that holds display devices 12, and 
can determine the position and orientation of display devices 
12 by sensing contact betWeen the devices and the frame or 
platform. 

[0031] The invention is not limited to any of the above 
speci?c embodiments. Rather, the invention encompasses 
any number of techniques for detecting relative positions of 
display devices 12 and computing the relative position of 
each display device 12. Furthermore, computation of rela 
tive position of each display device 12 may be dynamic, 
With the relative position of each display device 12 detected 
and updated. In one embodiment, position processor 14 
updates the relative position of each display device 12 in the 
set several times every second. 

[0032] FIG. 1B illustrates a technique by Which the rela 
tive positional orientations of display devices 12 are used to 
map visual data that is displayed by the display devices 12. 
In FIG. 1B, system 10B includes a display processor 18 that 
manages the display of the visual data. In particular, display 
processor 18 determines What portion of the Whole of the 
visual data Will be displayed on each display device 12, and 
hoW that portion Will be displayed. In general, the portion of 
the visual data displayed on a display device 12 and the 
manner of display are a function of the relative positions of 
display devices 12 relative to one another. In other Words, 
display processor 18 uses the positional computations from 
position processor 14 to determine hoW to map the visual 
data to display devices 12. 
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[0033] As shown in FIG. 1B, display processor 18 sup 
plies the visual data to display devices 12 Wirelessly. The 
invention is not limited to Wireless transmission of visual 
data, hoWever. 

[0034] Position processor 14 and display processor 18 
may be, but need not be, separate processors. In one embodi 
ment of the invention, the operations of position processor 
14 and display processor 18 may both be carried out by a 
single programmable processor of a personal computer. One 
of display devices 12 may be the display of the same 
computer. 

[0035] In other Words, the invention includes embodi 
ments in Which a plurality of display devices 12 are under 
the control of a single programmable processor. The single 
programmable processor may be included in a personal 
computer that controls not only its oWn display, but the 
displays of other devices as Well. 

[0036] FIG. 2 is a plan vieW of a display of visual data 20 
according to an embodiment of the invention. In FIG. 2, the 
visual data 20 includes a chart and is displayed on the 
displays of siX PDAs 22A-22F (hereafter 22). PDAs 22 may 
be deployed on a ?at surface, for eXample, or in a frame to 
hold PDAs 22 in place. Each PDA includes a display 
24A-24F (hereafter 24) and each display presents a portion 
of visual data 20. 

[0037] Any of the PDAs 22 could house the position 
processor, position reference and display processor. For 
purposes of illustration, it Will be assumed that PDA 22A is 
the “master,” and includes the position processor, position 
reference and display processor. PDA 22A tracks the posi 
tion of the other “subservient” PDAs 22B-22F relative to 
itself, and maps visual data 20 to itself and to “subservient” 
PDAs 22B-22F as a function of their positions. 

[0038] In a variation of this implementation, a position 
reference (not shoWn) may monitor the positions of PDAs 
22 and may supply the positional data to a “master” device 
for processing. PDA 22A, for eXample, may act as the 
“master” by determining the position of the other “subser 
vient” PDAs 22B-22F relative to itself. PDA 22A may also 
act as the “master” by parsing the visual data into portions 
and mapping portions of the visual data to “subservient” 
PDAs 22B-22F as a function of their positions. 

[0039] In FIG. 2, a single PDA, such as PDA 22A, may 
serve as the display processor, mapping visual data 20 to 
itself and to other PDAs 22B-22F as a function of position. 
Display screens 24, each presenting a part of visual data 20, 
hereby cooperate to display a larger version and more easily 
vieWed version of visual data 20. 

[0040] FIG. 3 is another eXample that illustrates embodi 
ments of the invention. In FIG. 3, visual data comprises a 
geographical map. Display devices 32A-32F (hereafter 32) 
comprise tablet computers, each With a large display 34A 
34F. Display devices 32A-32F may be arrayed on a ?at 
surface such as a table. A position processor (not shoWn) 
determines the position of each display device 32 With 
respect to a position reference (not shoWn). A display 
processor (not shoWn) maps visual data 30 to each display 
device 32 as a function of position. One or more display 
devices 32 may house the position processor, position ref 
erence and display processor, or position processor, position 
reference and display processor may be distinct from display 
devices 32. 
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[0041] The illustration in FIG. 3 may be useful When a 
group of individuals, each individual having a display 
device 32, desire to study a geographical map. The geo 
graphical map is encoded as visual data and may be stored 
in one or more of display devices 32. By arranging display 
devices 32 side-by-side, a larger, easier to vieW version of 
the geographical map can be displayed. Each display device 
32 presents a portion of the geographical map, and the 
display devices 32 cooperate so that the individually dis 
played portions cooperate to generate a larger presentation. 

[0042] In one embodiment of the invention, the invention 
supports dynamic updates of display device positions and 
visual data mapped to each device. As shoWn in FIG. 3, 
display devices 32A-32E are arranged substantially in a 
grid. This arrangement shoWs cities, toWns, airports, roads, 
rivers, lakes, and the like. A user 36, hoWever, has moved 
display device 32F to get a better vieW of a particular 
community. The position processor detects the change in 
position of display device 32F, and the display processor 
adjusts the visual data mapped to the display 34F of device 
32F. As illustrated in FIG. 3, the mapping of visual data to 
display 34F may be true even if display device 32F is 
crooked With respect to other display devices 32A-32E. 

[0043] To user 36, the effect is that of a virtual geographi 
cal map. By moving device 32F, user 36 can vieW any 
portion of visual data 30, like looking through a WindoW at 
any desired region of the geographical map. Not all of visual 
data 30 need be presented at once. The dynamic updating of 
display device positions and visual data mapping alloW 
visual data that is not visible in one arrangement of display 
devices 32 to become visible in another arrangement. 

[0044] FIG. 4 illustrates further embodiments of the 
invention. In FIG. 4, visual data 40 includes graphics 
elements for an informational presentation. Four ?at panel 
displays 42A-42D (hereafter 42) are arranged in an accor 
dion fashion. A position processor (not shoWn) determines 
the position of each display device 42 With respect to a 
position reference (not shoWn), and a display processor (not 
shoWn) maps visual data 40 to each display device 42 as a 
function of position. Notably, display devices 42 need not be 
arrayed in a planar fashion. 

[0045] FIG. 4 further illustrates that visual data 40 and a 
Whole may be of any siZe and shape. The invention adapts 
to present visual data that may not be easily displayed on a 
single conventional display device. 

[0046] Display devices may be arrayed other than in an 
accordion fashion as shoWn in FIG. 4. Display devices may, 
for eXample, be arranged in a boX con?guration, With each 
side of the “box” displaying a different vieW of an object. A 
user may see the front of the object in one display screen, for 
eXample, a side vieW in another, a rear vieW in another, and 
so on. 

[0047] FIG. 5 is a flow diagram illustrating application of 
techniques according to an embodiment of the invention. In 
FIG. 5, it is assumed that a single processor carries out the 
functions of position processor and display processor, but 
the invention supports embodiments in Which the functions 
are carried out by separate processors. Generally speaking, 
stages 50-54 may be carried out by the position processor, 
and stages 56-60 may be carried out by the display proces 
sor. Furthermore, it is assumed in FIG. 5 that there are tWo 
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display devices, but the techniques of FIG. 5 can be adapted 
to any number of display devices. 

[0048] In the embodiment of FIG. 5, the processor com 
putes a position of the ?rst and second display devices With 
respect to a position reference (50, 52) and may further 
compute the relative position of the ?rst and second display 
devices With respect to one another (54). As noted above, the 
position of each display device may be sensed in any number 
of Ways, and the relative positions of the display devices 
may be computed by triangulation or vector mathematics. 

[0049] The processor parses the visual data into subsets as 
a function of the relative position of the ?rst and second 
display devices (56). In other Words, each display device 
receives a portion of the visual data, and the portion depends 
upon the relative positions of the display devices. The 
processor maps the respective subsets of visual data to the 
respective devices (58, 60), Which display the respective 
portions of the visual data. The processor may further 
periodically refresh the display of visual data (62) by 
reevaluating the positions of the display devices and map 
ping the visual data accordingly. 

[0050] FIG. 6 demonstrates a further embodiment of the 
invention. The visual data 70 in FIG. 6 is a representation 
of a consumer product. In the embodiment shoWn in FIG. 6, 
a single display device 72, such as a tablet computer, 
displays a portion of visual data 70 on a display screen 74. 
As user 76 moves display device 72 relative to a position 
reference 78, the portion of displayed visual data 70 
changes, alloWing user 76 a chance to see other features of 
the consumer product. 

[0051] In this Way, a display processor (not shoWn) maps 
a ?rst portion of visual data to display device 72 as a 
function of a ?rst position of display device 72, relative to 
position reference 78. When the position of display device 
72 changes, the display processor maps another portion of 
the visual data to display device 72 as a function of the 
updated position, relative to position reference 78. 

[0052] Furthermore, the invention supports embodiments 
in Which the perspective of an object, such as a three 
dimensional computer model of a consumer product, 
changes. When in one position, the display device 72 
presents a vieW of the object from a ?rst perspective, and in 
a second position, the display device 72 presents a vieW of 
the object from a second perspective. In other Words, by 
changing the position of display device 72 With respect to 
position reference 78, user 76 can see along the length of the 
object, and also the front, back and sides of the object as 
Well. By moving display device 72“around” the object, the 
user may vieW rotated vieWs of the object. 

[0053] In this embodiment, display device 72 may house 
a processor that performs the function of position processor 
and display processor. The processor maps visual data, 
Which may be stored in memory in display device 72, to 
display 74 as a function of the position of display device 72 
relative to position reference 78. 

[0054] As illustrated in FIG. 6, the invention may create 
a “virtual object,” i.e., the invention may create an appear 
ance of a three-dimensional object, even though no physical 
three-dimensional object is present. The invention may 
further support a “virtual X-ray,” Which creates the appear 
ance of being able to see through a solid physical object. By 
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moving a display device along or around a physical object, 
a user can see a virtual representation of What lies beneath 
the surface of the physical object. Avirtual X-ray may alloW 
a user to recall the location of Wiring or pipes behind a Wall, 
for example, by moving a display device proXimate to the 
Wall. The visual data—the location of the Wiring and the 
pipes in this eXample—may have been recorded When the 
Wall Was built. 

[0055] The invention may offer one or more advantages. 
The invention supports a range of ?exibility for displaying 
visual data. The invention can be adapted to any number of 
display devices, and many different kinds of display devices. 

[0056] The invention is portable. In some circumstances, 
it is more advantageous to transport several small display 
devices rather than one large display device. In addition, 
there may be circumstances in a group of individuals, each 
having a display device, can use their display devices 
cooperatively to achieve bene?ts not available to each 
display device individually. 

[0057] Several embodiments of the invention have been 
described. Various modi?cations may be made Without 
departing from the scope of the invention. For eXample, the 
invention may support multiple position processors or dis 
play processors. The invention may further support any 
position sensors that sense position tactilely, electronically, 
optically, electromechanically, or by any other technique or 
combination of techniques. 

[0058] Although described in terms of display devices that 
are handheld, the invention is not limited to display devices 
of any siZe. Nor is the invention limited to planar display 
devices. Furthermore, the invention accommodates imple 
mentations in Which a set of display devices includes display 
devices differing kinds or siZes. Nor is the invention eXclu 
sively limited to display of visual data. One or more display 
devices may generate audio output, for eXample, in addition 
to presenting visual data. 

[0059] Furthermore, the invention is not limited to 
embodiments in Which determining the position of a display 
device is performed automatically. The invention includes 
some embodiments in Which the position of the display 
device is supplied to the display processor manually. 

[0060] In addition, the invention includes some embodi 
ments comprising any of a variety computer-readable media 
comprising instructions for causing a programmable proces 
sor to carry out the techniques described herein. Such 
computer-readable media include, but are not limited to, 
magnetic and optical storage media, and read-only memory 
such as erasable programmable read-only memory or ?ash 
memory. These and other embodiments are Within the scope 
of the folloWing claims. 

1. A method comprising: 

mapping a ?rst portion of visual data to a ?rst display 
device as a function of a position of the ?rst display 
device relative to a position reference; and 

mapping a second portion of the visual data to a second 
display device as a function of a position of the second 
display device relative to the position reference. 
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2. The method of claim 1, further comprising: 

determining the position of the ?rst display device relative 
to the position reference; and 

determining the position of the second display device 
relative to the position reference. 

3. The method of claim 2, Wherein determining the 
position of the ?rst display device relative to the position 
reference comprises determining the position of the ?rst 
display device relative to the position reference by at least 
one of an electronic sensor, an optical sensor, an electrome 
chanical sensor, an acoustic sensor and a tactile sensor. 

4. The method of claim 1, Wherein the position of the ?rst 
display device is a ?rst position of the ?rst display device, 
the method further comprising mapping a third portion of 
visual data to the ?rst display device as a function of a 
second position of the ?rst display device relative to the 
position reference. 

5. A method comprising: 

mapping a ?rst portion of visual data to a display device 
as a function of a ?rst position of the display device 
relative to a position reference; and 

mapping a second portion of the visual data to the display 
device as a function of a second position of the display 
device relative to the position reference. 

6. The method of claim 5, further comprising: 

determining the ?rst position of the display device relative 
to the position reference; and 

determining the second position of the display device 
relative to the position reference. 

7. The method of claim 5, Wherein the ?rst portion of 
visual data presents a vieW of an object from a ?rst per 
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spective and the second portion of visual data presents a 
vieW of the object from a second perspective. 

8. A computer-readable medium comprising instructions 
for causing a programmable processor to: 

map a ?rst portion of visual data to a ?rst display device 
as a function of a position of the ?rst display device 
relative to a position reference; and 

map a second portion of the visual data to a second 
display device as a function of a position of the second 
display device relative to the position reference. 

9. A computer-readable medium comprising instructions 
for causing a programmable processor to: 

map a ?rst portion of visual data to a display device as a 
function of a ?rst position of the display device relative 
to a position reference; and 

map a second portion of the visual data to the display 
device as a function of a second position of the display 
device relative to the position reference. 

10. A system comprising: 

a display device; 

a position processor con?gured to determine a position of 
the display device With respect to a position reference; 

a display processor con?gured to map a portion of visual 
data to the display device as a function of the position. 

11. The system of claim 10, further comprising a position 
reference. 

12. The system of claim 10, Wherein the position refer 
ence comprises at least one of an electronic sensor, an 
optical sensor, an electromechanical sensor, an acoustic 
sensor and a tactile sensor. 

* * * * * 


